Objective: The influences of gender, puberty, and obesity on resistin levels and the longitudinal relationships between insulin resistance, weight loss, and resistin have not yet been studied in childhood. Methods: Age, pubertal stage, gender, weight status (standard deviation score-body mass index (SDS-BMI)), resistin levels, and insulin resistance index calculated by homeostasis model assessment (HOMA) were evaluated in 63 obese children and compared to 36 lean children of same age, gender, and pubertal stage. Furthermore, we analyzed the changes of weight status (SDS-BMI, percentage body fat based on skinfold measurements), waist-to-hip ratio, resistin, and HOMA over a 1-year period in 38 obese children. Results: The resistin levels did not significantly (P ¼ 0.079) differ between obese (median resistin 8.7 ng/ml) and lean children (median resistin 9.7 ng/ml). Resistin concentrations were independent of age and pubertal stage, but girls demonstrated significantly higher resistin levels than boys (P ¼ 0.021). There were no significant correlations between changes of resistin and changes of SDS-BMI (r ¼ 0.14, P ¼ 0.198), changes of percentage body fat (r ¼ À0.01, P ¼ 0.466), changes of waist-to-hip ratio (r ¼ 0.17, P ¼ 0.141), and changes of insulin resistance index (r ¼ 0.01, P ¼ 0.472) over the 1-year period. The weight loss of X0.5 SDS-BMI in 16 children was associated with a significant decrease in HOMA (P ¼ 0.030), while there was no significant change in resistin levels (P ¼ 0.878). Conclusions: Girls demonstrated higher resistin concentrations than boys. Our data do not support a relationship between resistin, insulin resistance index, and weight status in childhood.
Introduction
Obesity is known to be an important risk factor for the development of insulin resistance, although the mechanism remains unclear. 1 It is now recognized, however, that adipose tissue is an endocrine organ that secretes a variety of hormones. One of them is resistin, that has been linked to energy homeostasis, diet-induced obesity, and insulin resistance in rodents, although available data are controversial. 2, 3 Studies in humans are even more controversial. 4, 5 In crosssectional studies in adulthood, serum resistin was reported to be related to fat mass [6] [7] [8] and to insulin resistance, [9] [10] [11] [12] while other reports reveal no correlations to BMI, percent body fat 11, [13] [14] [15] or to insulin sensitivity. 13, 14, 16, 17 Longitudinal data are necessary to analyze the relationships between resistin, obesity, and insulin resistance. Despite the great number of cross-sectional studies, there are only few longitudinal studies in adulthood with small numbers of subjects concerning resistin levels in obesity with contradictory results. Two longitudinal analyses revealed changes in serum resistin to be positively correlated with changes in fat mass or weight status 18, 19 and mean insulin, 18 while other studies reported no changes of resistin in weight loss. 13, 16, 20 As a result of these controversial findings, the small number of longitudinal data and, most importantly, the lack of studies concerning resistin levels in children, we studied resistin serum levels in obese and lean children in relation to age, gender, puberty, and insulin resistance and measured resistin concentrations before and after weight loss.
Materials and methods
We measured weight status, fasting serum resistin, insulin, and glucose concentrations in 63 obese and 36 lean children of the same age, gender, and pubertal stage. Furthermore, these variables were analyzed in the 38 obese children before and after a 1-year obesity intervention program. Children with endocrine disorders, premature adrenarche, or syndromal obesity were excluded. Obesity was defined according to the BMI 97th percentile according to the definition of the International Task Force of Obesity using population specific data. 21, 22 The pubertal developmental stage was determined according to Marshall and Tanner and categorized into two groups (prepubertal: boys with pubic hair and gonadal stage I, girls with pubic hair stage and breast stage I; early pubertal: boys with pubic hair or gonadal stage II and girls with pubic hair stage or breast stage II).
Resistin levels were determined by enzyme-linked immunosorbent assay (ELISA) (Human Resistin ELISA Kits, Linco Research, St Charles Missouri, MO, USA; intraassay coefficient of variation 3.8-7.0%; interassay coefficient of variation 7.1-7.7%, sensitivity 0.16 ng/ml). Insulin concentrations were measured by microparticle enhanced immunometric assay (MEIA TM , Abbott, Wiesbaden, Germany). Glucose levels were determined by a colorimetric test using a Vitros TM analyzer (Ortho Clinical Diagnostics, Neckargemuend, Germany). Intraassay and interassay coefficients of variation were p5% in both methods. Homeostasis model assessment (HOMA) was used to detect the degree of insulin resistance 23 (HOMA ¼ (insulin (mU/l) Â glucose (mmol/l))/
22.5).
The weight status was recorded as body mass index (BMI). As BMI is not normally distributed in childhood, we used Cole's least mean square method, which normalizes the BMI skewed distribution and expresses BMI as a standard deviation score (SDS-BMI). 22 Reference data for German children were used. 21 Percentage body fat was calculated based on a skinfoldthickness equation using the following formulae:
24 boys:
body fat % ¼ 0.783 Â (skinfold-thickness subscapularis þ triceps in mm) þ 1.6; girls: body fat % ¼ 0.546 Â (skinfoldthickness subscapularis þ triceps in mm) þ 9.7). The triceps and subscapularis skinfold-thickness were measured in duplicate and averaged. One investigator performed all the anthropometrical measurements using a caliper. Waist-tohip ratio was used to predict body fat distribution and was measured by one investigator. The reduction of weight was achieved through the 'Obeldicks' intervention program for obese children. 25, 26 This 1-year outpatient training is based on a program of physical exercise, nutrition education (high carbohydrate, fat reduced diet), and behavior therapy including individual psychological care of the child and his or her family.
Statistical analysis was performed using the Winstats software package. Kolmogorov-Smirnov test revealed normal distribution in all continuous variables. Statistically significant differences were tested for quantitative items by the Student's t-test, paired observation by Student's t-tests for paired observations, and for qualitative items by w 2 test.
Resistin levels were correlated to degree of overweight (SDS-BMI), percentage body fat, waist-to-hip ratio, and insulin resistance index (HOMA) by Pearson's correlation. Direct multivariate linear regression analysis was conducted for the dependent variable resistin concentration, including age, gender, pubertal stage, weight status (BMI), and insulin resistance index (HOMA) as independent variables. Gender and pubertal stage were used as classified variables in this model. We performed a power calculation based on the published differences in resistin levels between obese and lean adults. 18 Azuma et al. 18 demonstrated a 50% difference of resistin levels between these two groups. The required sample size is 26 based on these data estimated for a significance level of 0.05 and a power of 0.9. Dresistin (resistin concentrations at baseline -resistin concentrations 1 year later) was correlated to DSDS-BMI, Dpercentage body fat, Dwaist-to-hip ratio and DHOMA by Pearson's correlation. A P-value o0.05 was considered as significant. Values are expressed as median and interquartile range (IQR). Informed consent was obtained in all subjects.
Results
The age, stage of puberty, gender, degree of overweight (weight, BMI, SDS-BMI), insulin resistance index (HOMA), the resistin, insulin, and glucose levels at baseline of the 63 obese and 36 lean children are shown in Table 1 . Obese children demonstrated significantly higher insulin resistance index (Po0.001) and insulin concentrations (Po0.001) compared to the lean children, while age (P ¼ 0.684), gender (P ¼ 0.924), pubertal stage (P ¼ 0.441), and resistin levels (P ¼ 0.079) did not significantly differ between obese and lean children. The 46 boys demonstrated significantly (P ¼ 0.021) lower resistin levels (median 8.4, IQR 6.1-10.3 ng/ml) compared to Resistin in obese children T Reinehr et al the 53 girls (median 9.6, IQR 8.3-10.9). There were no significant differences in SDS-BMI, pubertal stage, and age in gender. The resistin levels of the 23 pubertal boys (median 8.1, IQR 5.9-10.4 ng/ml) did not differ significantly (P ¼ 0.570) from the resistin levels of the 23 prepubertal boys (median 8.7, IQR 6.1-10.2 ng/ml). The resistin levels did not significantly (P ¼ 0.331) differ between the 44 prepubertal children (median resistin 9.1, IQR 7.8-10.3 ng/ml) and 55 pubertal children (median resistin 9.0, IQR 7.0-11.6 ng/ml). Insulin resistance index (HOMA) was significantly (Po0.001) increased in the 55 pubertal children (median HOMA 3.9, IQR 3.1-6.5) compared to the 44 prepubertal children (median HOMA 2.5, IQR 1.4-2.9), while there were no significant differences in SDS-BMI and gender between prepubertal and pubertal children.
At baseline, resistin serum concentrations did not significantly correlate to SDS-BMI (r ¼ À0.01; P ¼ 0.492), waistto-hip ratio (r ¼ 0.03; P ¼ 0.409), percentage body fat (r ¼ 0.05; P ¼ 0.350), age (r ¼ 0.15; P ¼ 0.073), and HOMA (r ¼ 0.08; P ¼ 0.256). In direct multiple linear regression analysis, resistin concentrations significantly correlated to gender but not to age, weight status (BMI), or pubertal stage (see Table 2 ). If waist-to-hip ratio or percentage body fat instead of BMI were included as dependent variables in direct multiple linear regression analyses including age, gender, and pubertal stage as independent variables, neither waistto-hip ratio (coefficient 0.05, 95% confidence interval À0.08 to þ 0.18, P ¼ 0.403) nor percentage body fat (coefficient À4.33, 95% confidence interval À12.79 to þ 4.13, P ¼ 0.312) correlated significantly to resistin concentrations.
The changes of resistin levels in correlation to the changes of weight status, percentage body fat, waist-to-hip ratio, and insulin resistance index are demonstrated in Table 3 . In all, 16 obese children decreased their overweight substantially by at least 0.5 SDS-BMI (decrease in median 0.7, IQR 0.6-0.9). This degree of weight loss led to a significant decrease in insulin levels (decrease in median 4 mU/l, P ¼ 0.036) and HOMA (decrease in median 0.8, P ¼ 0.035), while there were no significant changes in resistin levels (decrease in median 0.1 ng/ml, P ¼ 0.878). In the 22 obese children with weight loss o0.5 SDS-BMI, there were no significant changes in insulin resistance index (HOMA), insulin, and resistin concentrations.
Discussion
This is the first study in children concerning resistin levels and its relation to weight status, gender, age, puberty, insulin resistance, and weight loss. The higher serum resistin levels of girls compared to boys are in concordance with most studies in adults. 6, 13, 16 Besides sexual dimorphism of body fat distribution differences in the sex steroids are discussed to be responsible for the observed differences. 12, 15, 27, 28 However, resistin concentrations have been reported to be independent of menstruation cycle and sex hormones in adult women 7 and resistin levels did not significantly differ between prepubertal and pubertal boys. In contrast to some studies in adults, [6] [7] [8] 18 the resistin levels did not differ between obese and lean children. The sample sizes in the studies in adults were similar 6 or smaller 7, 8, 18 as compared to our study. A too small sample size in our study to detect significant differences was excluded by a power analysis. Furthermore, lean children demonstrated a tendency of higher resistin levels as compared to obese children. Most importantly, changes of weight status were not associated with significant changes of resistin levels. Additionally, there was no significant change of resistin levels in the 16 children with weight loss 40.5 SDS-BMI. This amount of weight loss led to a significant improvement of insulin resistance, cardiovascular risk factors, adiponectin, and leptin levels as demonstrated in our previous studies. [29] [30] [31] [32] Therefore, a too small degree of weight loss seems unlikely as an explanation for the missing effect of weight loss on resistin concentrations. Since resistin is expressed at higher levels in intraabdominal than subcutaneous fat, 12,27 body fat distribution may play an important role in human resistin levels. However, waist-tohip ratio as an indirect measurement of body fat distribution did not correlate to resistin levels both in cross-sectional and longitudinal analyses. Resistin did not correlate to insulin resistance index at baseline both in univariate and multivariate regression Gender was the only variable that was a significant (Po0.05) independent variable in the multiple linear regression model. Resistin in obese children T Reinehr et al analyses. Most importantly, changes of resistin concentrations did not correlate to changes of insulin resistance index in the longitudinal analysis. Therefore, our data do not support the original hypothesis that resistin antagonizes insulin action. The lacking relationship between resistin levels and onset of puberty in contrast to the decrease of insulin sensitivity at onset of puberty in our collective suggests that at least at onset of puberty insulin resistance is mainly determined by other factors than resistin. In summary, resistin levels were higher in girls than in boys and were independent of age, pubertal stage, and weight status. Resistin concentrations did not significantly change in substantial weight loss in contrast to insulin and insulin resistance index. Therefore, a direct connection between resistin concentrations, weight status, and insulin resistance cannot be supported by our data. Identification of the receptor system for resistin, relevant signaling pathways, and their sensitivity state are needed for a complete evaluation of the role of the resistin system in humans.
